Esophageal squamous cell carcinoma (ESCC) occurs at a relatively high frequency in China and is one of the most prevalent cancers in the world. Genome-wide association studies (GWAS) have identified 24 single-nucleotide polymorphisms (SNPs) that could be associated with ESCC in Chinese patients. This retrospective study aimed to validate the association between these 24 SNPs and ESCC in a Han Chinese subgroup from East China. A total of 2280 and 1900 patients with ESCC (case group) and non-esophageal cancer (control group) were included from a single center. Genotyping of the 24 polymorphisms was performed using the Sequenom MassARRAY system. Unconditional logistic regression analyses were conducted for every polymorphism. It was found that rs12188136 (P=0.027, OR=1.158, 95% CI=1.016-1.319 for AG/AA) was associated with ESCC. Binary logistic regression analyses revealed a significant negative association of rs875339 in RORA (P=0.014, OR=0.762, 95% CI=0.613-0.947 for TT/CC). Under the dominant model, rs6854472 was slightly associated with ESCC risk (P=0.048, OR=1.192,. Under the recessive model, a significant negative association was observed for rs875339 (P=0.010, OR=0.758, 95% CI=0.615-0.935). In a word, this large-scale replication study validated that rs12188136 and rs6854472 are associated with ESCC in a Han Chinese subgroup from Eastern China, and that rs875339 is negative associated with ESCC.
Introduction
Esophageal cancer is among the most incident malignant tumors worldwide [1] and a serious threat to human health and quality of life [2] . Esophageal squamous cell carcinoma (ESCC) is one of the two main sub-types of esophageal cancer, and ESCC is more common than esophageal adenocarcinoma in the developing world, especially in China [3] . The prognosis of ESCC is poor despite advances in treatment, with 5-year overall survival rate ranging from 15% to 25% [4, 5] .
Accumulating evidence has demonstrated that genetic factors [6] [7] [8] [9] [10] , family history of ESCC [11] [12] [13] , lifestyle habits [14] [15] [16] , environmental factors [17] [18] [19] [20] [21] [22] [23] , and HPV infection [24] play important roles in the Ivyspring International Publisher development of ESCC. Significant interactions were found between HPV serological status and genetic loci, increasing the risk of ESCC [25, 26] . Other risk factors such as exposure to polycyclic aromatic hydrocarbons (PAHs), high-temperature foods, diets, oral health and microbial communities, but they require further research. Esophageal carcinogenesis is the result of the interaction among heredity, environment and living habits [27] [28] [29] .
In recent years, genome-wide association studies (GWAS) have confirmed the contribution of gene variations to ESCC [30] [31] [32] [33] [34] [35] . Six large-scale GWAS of Chinese populations have focused on identifying genetic susceptibility loci for ESCC [31] [32] [33] [34] [35] . The earliest ESCC GWAS analysis using 2115 ESCC cases and 3302 controls in a Chinese population revealed that PLCE1 carried cancer susceptibility [31] . Wang et al. identified two new genome-wide significant loci for ESCC: PLCE1 at 10q23 and C20orf54 at 20p13 [32] . Seven loci on chromosomes 5q11, 6p21, 10q23, 12q24 and 21q22 were associated with the risk of ESCC [33] . In another GWAS in a Chinese ESCC population, Wu et al. [34] identified nine new ESCC susceptibility loci: seven (on chromosomes 4q23, 16q12.1, 17q21, 22q12, 3q27, 17p13 and 18p11) had a significant marginal effect on the risk of ESCC and two (on 2q22 and 13q33) had a significant association but only when considering the gene-alcohol interaction. Wu et al. identified rs1050631 in SLC39A6 as being associated with the survival of ESCC patients [35] .
Whether those 24 SNPs found by the five GWAS confer an increased risk of ESCC in various Han Chinese populations has not yet been validated. Therefore, we conducted a case-control study to validate the associations of those 24 SNPs with the risk of ESCC in a Han Chinese subgroup from Eastern China.
Material and Methods

Study population
This was a retrospective study. We included 2280 consecutive ESCC subjects and 1900 non-ESCC subjects (control group). The diagnosis of ESCC was confirmed by histopathology or cytology by at least two local pathologists. Histological examination was performed according to the World Health Organization (WHO) criteria [36] . The exclusion criteria for both groups were: 1) psychiatric disorder; 2) any other primary cancer; or 3) a family history of cancer. This study consisted of two ESCC sets: (a) 1900 patients with primary ESCC, and (b) 380 patients with second ESCC. The patients were recruited between January 2012 and December 2014 at Zhejiang Cancer Hospital. Demographic characteristics of the subjects (including gender, age, histological types of esophageal cancer, smoking and drinking status) were obtained from the medical records. Non-ESCC individuals (n=1900) were recruited as control subjects during a routine health check-up (physical examination) at the same hospital during the same time period. The two groups were matched based on the frequency of age and sex. In the present study, all participants were ethnic Han Chinese that lived within the Zhejiang Province of Eastern China.
SNP selection
We selected the 24 top SNPs (rs4478858, rs10881372, rs10801638, rs10173378, rs888103, rs38155 01, rs6717108, rs10934685, rs6768588, rs9824873, rs685 4472, rs12188136, rs2294693, rs9364414, rs7916519, rs11225815, rs10895458, rs4578395, rs11059556, rs2025 245, rs9584006, rs347940, rs875339, and rs12922317) from the reports focusing on ESCC susceptibility loci identified by five GWAS projects in Han Chinese (PubMed search) [31] [32] [33] [34] [35] .
SNP genotyping assays
Venous blood (2 mL) was sampled in citrate glass tubes and kept at -40°C. Leukocyte total genomic DNA was extracted from 1 mL of peripheral blood using the Whole Blood DNA Extraction Kit (QIAamp® DNA Blood Mini Kit), according to the manufacturer's instructions. The extracted genomic DNA was dissolved in 0.1× TE buffer (10 mMTris and 1 mM EDTA, pH 8.0) to 0.4-0.6 mg/mL and stored at -20°C.
The SNPs were determined using iPLEX chemistry on a matrix-assisted laser desorption/ ionization time-of-flight mass spectrometer (MALDI-TOF-MS, MassARRAY system, Sequenom, Inc.), as previously published [37] . PCR reactions (5 μL each) were carried out in 384-well plates using 10 ng of genomic DNA, 0.5 units of Taq polymerase (HotStarTaq, Qiagen), 500 μmol of each of the four deoxynucleotides triphosphate (dNTP), and 100 nmol of each primer. An ABI-9700 thermocycler was used with the following program: 1) 15 min at 94°C; 2) 45 cycles of 20 s at 94°C, 30 s at 56°C, and 60 s at 72°C. The reaction products were separated on 2.0% agarose. After PCR, 0.3 units of shrimp alkaline phosphatase was added and incubated at 37°C for 20 min followed by inactivation for 5 min at 85°C. The concentration of the extension primers was adjusted to optimize the signal-to-noise ratio. The iPLEX Gold Kits (Sequenom, Inc.) was used to prepare the samples with 0.2 μL (100 μmol) of termination mix, 0.05 units of DNA polymerase (Sequenom, Inc.), and 625 to 1250 nmol/L extension primers. The iPLEX reaction was performed using the following program: 1) initial denaturation for 30 s at 94°C; 2) 5 s at 94°C and five cycles of 5 s at 52°C and 5 s at 80°C; 3) 40 annealing and extension cycles; 4) 5 s at 94°C; 5) five cycles of 5 s at 52°C and 5 s at 80°C; and 6) 72°C for 3 min and the sample The products were analyzed by MALDI-TOF-MS. The samples were desalted using 6 mg of resin and transferred to a 384-well Spectro-CHIP (Sequenom, Inc.). The mass spectra were acquired and analyzed using the MassARRAYTyper 4.0 Software (Sequenom, Inc.). Controls were performed without template DNA. All laboratory technicians were unaware of patient status.
Statistical analyses
Values were expressed as means ± standard deviation (SD) or numbers. Continuous variables were analyzed using the unpaired Student's t-test. Differences in frequencies of the alleles and genotypes between case group and control group were evaluated using the χ 2 -test. Genotype distribution and allele frequencies were compared using the chi-square test. The chi-square test was also used to examine the Hardy-Weinberg Equilibrium (HWE) in the control group (P-value of <0.05 was considered to be statistically significant). Akaike's information criteria were used to select the most parsimonious genetic model for each SNP [38] . Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by unconditional logistic regression analysis. All analyses were conducted with Stata statistical package (version 10.0; Stata Corp LP, College Station, TX, USA). The P value of allele difference was conducted with chi-square test between esophageal cancer and control group. P-value < 0.05 was considered statistically significant.
Results
Characteristics of the subjects
The demographic characteristics of the subjects are shown in Table 1 . There were no differences in age (57.0±8.8 vs. 56.4±9.3 years) or gender (male, 63.1% vs. 64.5%) between the two groups (both P > 0.05). 
Individual SNP association analysis
The genomic characteristics of 24 SNPs are given in Table 2 . There was no deviation from the Hardy-Weinberg equilibrium in the control group (all P > 0.01). In the single-locus analyses, the allelic frequencies of rs10173378: A>G (0.241 vs. 0.221, P = 0.0409) and rs6854472: G>T (0.072 vs. 0.084, P = 0.0477) were slightly different between the ESCC and control group, but 100,000 permutations showed that there were no significant differences between the two groups. The genotype distributions of the 24 SNPs in the two groups are summarized in Table 3 . The distribution of the rs12188136 (47.4% vs. 50.2%, P = 0.0493) and rs875339 (49.4% vs. 48.4%, P = 0.0341) genotypes showed significant differences between the cases and controls.
Logistic regression analyses revealed that in the codominant-effect model, the ESCC risk was associated with rs12188136 (P = 0.027, OR = 1.158, 95% CI = 1.016-1.319 for AG/AA). Binary logistic regression analyses revealed a slight negative association of rs10895458 (P = 0.044, OR = 0.547, 95% CI = 0.304-0.983 for CC/AA) and a significant negative association of rs875339 (P = 0.014, OR = 0.762, 95% CI = 0.613-0.947 for TT/CC), but because of the rarity of the homozygous mutant genotype (<3%), the results were invalid for rs10895458. In addition, marginal esophageal cancer risk was found for rs6854472 (P = 0.056, OR = 1.187, 95% CI = 0.995-1.417 for GT/GG) ( Table 3) .
Using the dominant model, significant ESCC risk was observed for rs6854472 (P = 0.048, OR = 1.192, 95% CI = 1.002-1.418). Using the recessive model, a significant negative association was observed for rs875339 (P = 0.010, OR = 0.758, 95% CI = 0.615-0.935) ( Table 4) .
Discussion
ESCC is one of the most prevalent cancers worldwide and occurs at a relatively high frequency in China. Some recent genome-wide association studies have identified 24 single-nucleotide polymorphisms that may be associated with ESCC. This study aimed to validate the association between these 24 polymorphisms and ESCC in a Han subgroup from Eastern China. The results suggest that rs12188136 and rs6854472 are associated with ESCC in this Han Chinese subgroup, and that rs875339 is negative associated with ESCC.
This study was a large-scale study in Han Chinese patients from Eastern China that describes the association between ESCC and 24 genome-wide SNPs. Besides rs12188136 and rs6854472 localizing in intergenic areas, RORA could play a role in the development of ESCC [31] [32] [33] [34] [35] . Abnet et al. [31] conducted the first large-scale genome-wide association studies for ESCC using 2115 ESCC cases and 3302 controls in Chinese, and identified PLCE1 at 10q23 for ESCC susceptibility. Then, Wang et al. [32] performed a GWAS of ESCC by genotyping 1077 individuals with ESCC and 1733 control subjects of Han Chinese descent, and found that PLCE1 and C20orf54 play important roles for ESCC carcinogenesis. Wu et al. [33] [34] . Among 5337 Chinese with ESCC and 5787 controls (replication in 9654 Chinese with ESCC and 10,058 controls), Wu et al. [34] showed that rs7447927at 5q31.2 and rs1642764 at 17p13.1 were associated with ESCC susceptibility [34] . Furthermore, Hu et al. [39] showed that rs2274223 was associated with reduced PLCE1 expression and increased risk of ESCC. Another replication study by Wang et al. [40] showed that the ADH1B-ADH1C-ADH7 axis was modulated by the rs1042026, rs17033, rs1614972, rs1789903 and rs17028973 SNPs. In the present study, the identified polymorphisms matched those found by the previous studies, and included rs2294693 in 6p21.1, rs11059556 in 12q24, rs6854472 in 4q22, rs12922317 in 16p13.12, and rs9824873 in 3q28. The discrepancies among studies regarding the identified loci can be due to the genetic diversity among different regions of China and of the world. Additional studies are necessary to better understand the risk of ESCC. The present study is not without limitations. Statistical correction was used to adjust for multiple testing for a specific gene, but this is controversial. The Bonferroni correction and Bayesian techniques are frequently used, but they are problematic when correcting multiple comparisons [41] and such corrections might not be needed when different associations are of interest on a purely one-at-a-time basis [42, 43] . Secondly, our study included patients with first ESCC and second ESCC. First ESCC is more relevant to genetic factors than second ESCC. Thirdly, although our study suggested that some loci may be involved in the prevalence of acquired ESCC, only selected SNPs based on the literature were examined and they might not be enough to describe the entire genetic variation of Han Chinese. Finally, this was a retrospective study and data about lifestyle habits (especially smoking and drinking) were not available or reliable for all patients, preventing subgroup and interaction analyses. Beyond the association studies, the literature is currently limited by the lack of mechanistic studies about the involvement of these SNPs in the development of ESCC and the present study was not designed to determine those mechanisms. Additional studies will have to be carried out on this issue.
Conclusion
This large-scale replication study showed that rs12188136 and rs6854472 are associated with ESCC in a Han Chinese subgroup from Eastern China, and that rs875339 is negative associated with ESCC. This study underlines the genetic complexity of ESCC development.
